KingeUla denitrificans is an occasionally pathogenic member of the family Neisseriaceae and is a member of the normal respiratory flora. Electron microscopy, colony morphology types, DNA transformation patterns, and immunoblots suggest that K. denitificans and K. kingae have type 4 pili. This was confirmed by N-terminal amino acid sequencing for K. denitrificans.
Both K kingae (2) and K denitnificans (1) display phenotypes associated with type 4 piliation, including twitching motility, pitting of agar, natural competence, and spreadingcorroding colonies (SC) which can phase vary to smooth, noncorroding colonies (N), which are often nonpiliated (13) . Here we show that the pili of K denitnificans are part of the type 4 family and provide evidence that this is also true for K kingae.
Piliated variants of the K denitnificans laboratory strain NCTC 10997 and the type strain ATCC 33394 (NCTC 10995) were obtained from Tone T0njum, Rikshospitalet, Oslo, Norway. Isolates Ni through N14 are naturally occurring N variants obtained by restreaking 14 different SC colonies of the type strain. K denitrificans F1624 is a sputum isolate contributed by R. Weaver, Centers for Disease Control, Atlanta, Ga. TM 01 through TM 08 are K denitnficans throat isolates collected from healthy volunteers in our laboratory. All K kingae isolates were obtained from Kjell B0vre, Rikshospitalet.
We used a modification of a transformation procedure of T0njum et al. (28) . Spontaneous streptomycin-resistant (Smr) mutants of nonpiliated K kingae 1702 and K denitrificans ATCC 33394 were isolated, and Smr DNA (10 [ul) was diluted 10-fold in Luria broth, mixed with a loopful of each Sis Kingella strain being tested, incubated for 15 min at room temperature, and then spread onto a 5% human blood agar plate without streptomycin. After a 7-h incubation at 34°C, the blood agar was layered over agar containing streptomycin to produce a final concentration of 50 p,g/ml.
Resistant colonies were observed after 3 to 5 days of incubation at 34°C.
For electron microscopy, Formvar-coated copper grids were touched to 24-h-old colonies and then stained. The grid was washed twice with 1% ammonium acetate and blotted with filter paper, and a drop of 1% uranyl acetate was added for 10 s, blotted, and air dried. Grids were examined in a Zeiss EM-10-CA electron microscope.
Pilin protein from K denitnficans ATCC 33394 was collected as described by Nakasone and Iwanaga for Vibno cholerae pilin (19) . N-terminal amino acid sequencing of this pilin protein was performed at the Protein Sequencing Facility, University of Michigan. Anti-pilin antiserum was produced in a Pasteurella-free rabbit by standard methods (23) . This antiserum was used as the primary antibody in immunoblotting by the method of Mierendorf et al. (17) , and the secondary antibody was goat anti-rabbit immunoglobulin G conjugated to alkaline phosphatase (Bio-Rad, Melville, N.Y.), diluted 1:1500 in blocking buffer. Figure 1 is an electron micrograph showing pili on two different K denitnficans strains. These long, thin pili are 5 to 6 nm in diameter, which correlates well with the sizes of other type 4 pili. These pili are very long, and we were unable to determine their length with certainty. We were also unable to determine whether the pili were distributed over the bacteria in a polar or pertrichous pattern.
K denitificans and K kingae have SC and N colony morphology types, which in related bacteria are associated, respectively, with type 4 piliated and nonpiliated bacterial variants. On Luria medium with IsoVitaleX (BBL Microbiology Systems, Cockeysville, Md.), the SC colonies are smaller, stickier, more domed, and darker than the N types. The SC types have a dispersed edge, which is apparently due to movement of the cells from the main colony as a result of their twitching motility (8) .
Natural competence is associated with the Kingella SC colony type (1, 2) . As can be seen in Table 1 , all K denitnficans SC colony variants were transformed at high levels by using K denitnficans DNA from a Smr N colony variant of strain ATCC 33394, whereas most of the N colony types from these strains gave no or few transformants; three N variants were, however, transformable at high levels. This table also shows that K kingae SC variants had low levels of transformation with K denitrificans DNA. However, these K kingae SC variants were transformable at high levels with Smr K kingae DNA (data not shown). Figure 2A , lane 1, shows the protein profile of isolated pili from K denitnficans ATCC 33394, with substantial amounts of contaminating proteins. Panel B is an immunoblot of an identical gel incubated with antiserum raised against Moraxella bovis Epp63 Q pili. Very small amounts of M. bovis Epp63 Q and I strains were run in lanes 3 and 4 ( Fig. 2A) , and the pilin bands are not visible by Coomassie blue staining; however, they do appear in reaction to the antiserum seen in Fig. 2B . In contrast, the large amount of purified K denitnficans pilin seen in Fig. 2A gives a relatively weak cross-reaction to this antiserum. This level of cross-reactivity was similar to that reported by Patel et al. (21) between different type 4 pilins and antiserum.
The purified K denitificans pilin protein was subjected to N-terminal amino acid sequencing. The sequence of amino acids 2 through 11 of the mature pilin protein shows 100% identity to that of four of the eight type 4 pilins that were compared with K denitnificans (Fig. 3) . The first amino acid of type 4 pilin is a methylated phenylalanine, which could not be identified by the amino acid sequencing procedures we used. Figure 4 shows the reactivity of the anti-pilin (strain ATCC 33394) antiserum to a variety of different K denitnficans strains (both SC and N variants) and to three K kingae strains. Fourteen N variants of strain ATCC 33394 were reacted with this antiserum, and 11 of these still produce pilin proteins that are cross-reactive with the pilin antiserum, although one (Ni) migrated more slowly than the other pilins. In contrast, significant cross-reactivity of this antiserum was seen with only three (TMO1SC, TM02SC, and TM06SC) of the other K denitrfifcans strains and one (1641SC) of the K kingae strains tested.
Type 4 pili are believed to be important factors in the pathogenesis of many gram-negative bacteria, as demonstrated in studies comparing the virulence of piliated versus nonpiliated variants of M. bovis and Neisseria gonorrhoeae (11, 26) . Previous work by B0vre and coworkers (2, 5, 9) indicates that the Kingella species share pilus-associated phenotypic characteristics with other organisms in the family Neisseriaceae that are known to have type 4 pili. This (14) , M. lacunata ATCC 17956 Q and 1 (22) , M. nonliquefaciens NCTC 7784 (29) , N. gonorrhoeae MS11 (16) , N. meningitidis SP3428 (20) , Pseudomonas aeruginosa PAK (24) , Dichelobacter nodosus 198 (15) , and Vibrio cholerae (27) . study was designed to identify the presence of type 4 pili on the two Kingella species. Results of electron microscopy, transformation studies, amino-terminal protein sequencing of K denitnficans pilin, and immunological reactivity studies support this. We believe that it will be interesting to clone K denitrificans pilin genes and compare their genetic organization with that of other bacteria with type 4 pili.
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